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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention relates generally to 

semiconductor packages, and more particularly to a 
semiconductor package which is specifically configured to 
maximize the dissipation or discharge of heat generated 
from the semiconductor die thereof. 

2 . Description of the Related Art 

[0003] A recent trend in the electronics industry has 
been to develop semiconductor package structures which 
maximize the dissipation or discharging effect of heat 
generated from the semiconductor die of the package. 
However, semiconductor packages having superior heat 
dissipation capabilities are often of a size which 
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decreases or diminishes their utility in certain 
applications. The present invention is specifically 
adapted to address this deficiency by providing a 
semiconductor package having superior heat dissipation 
capabilities and simple, light, thin and miniature 
structural characteristics, thus allowing the same to be 
reduced to a "chip size" in order for easy mounting to 
electronic appliances such as communication equipment. 
Coupled with the improved heat dissipation efficiency of 
the present semiconductor package are the benefits of 
reduced manufacturing costs attributable to its simplified 
design. 

BRIEF SUMMARY OF THE INVENTION 

[0004] In accordance with the present invention, there is 
provided various embodiments of a heat dissipating 
semiconductor package and related methods for manufacturing 
the same. In each embodiment of the present invention, the 
semiconductor package includes a semiconductor die which is 
mechanically and electrically connected to a plurality of 
leads through the use of conductive bumps. More 
particularly, the conductive bumps extend to surfaces of 
the leads which are formed by a partial etching technique. 
The orientation of the leads relative to the semiconductor 
die, coupled with the use of the conductive bumps to 
mechanically and electrically connect the semiconductor die 
and leads to each other, facilitates a significant 
reduction in the overall thickness of the semiconductor 
package, resulting in a light, thin, and simple structure. 

[0005] Additionally, in each embodiment of the 

semiconductor package of the present invention, prescribed 
regions or surfaces of the leads are exposed within the 
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encapsulating portion of the semiconductor package. The 
encapsulating portion fully encapsulates the conductive 
bumps, and may fully or partially encapsulate the 
semiconductor die. In this regard, in certain embodiments 
of the present invention, a prescribed region or surface of 
the semiconductor die is also exposed within the 
encapsulating portion. The exposed surfaces of the leads 
alone or in combination with the exposed surface of the 
semiconductor die maximizes the heat discharging efficiency 
of the semiconductor package. In one additional embodiment 
of the semiconductor package a die paddle is included, with 
one surface of the semiconductor die being bonded to the 
die paddle. One surface of the die paddle may also be 
exposed within the encapsulating portion of the 
semiconductor package, thus further increasing the heat 
discharging efficiency thereof. 

[0006] The present invention is best understood by 

reference to the following detailed description when read 
in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0007] These, as well as other features of the present 
invention, will become more apparent upon reference to the 
drawings wherein: 

[0008] Figure 1 is a cross-sectional view of a 

semiconductor package constructed in accordance with a 
first embodiment of the present invention; 
[0009] Figures 1A-1D are views illustrating a sequence 
of steps which may be employed for manufacturing the 
semiconductor package of the first embodiment shown in 
Figure 1; 

[0010] Figure 2 is a cross-sectional view of a 

semiconductor package constructed in accordance with a 
second embodiment of the present invention; 
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[0011] Figures 2A-2D are views illustrating a sequence 
of steps which may be employed for manufacturing the 
semiconductor package of the second embodiment shown in 
Figure 2; 

[0012] Figure 3 is a cross-sectional view of a 

semiconductor package constructed in accordance with a 
third embodiment of the present invention; 
[0013] Figures 3A-3D are views illustrating a sequence 
of steps which may be employed for manufacturing the 
semiconductor package of the third embodiment shown in 
Figure 3; and 

[0014] Figure 4 is a cross-sectional view of a lead of 
the semiconductor package constructed in accordance with 
either the first, second, or third embodiments of the 
present invention including an optional protective layer 
thereon. 

DETAILED DESCRIPTION OF THE INVENTION 
[0015] Referring now to the drawings wherein the 

showings are for purposes of illustrating preferred 
embodiments of the present invention only, and not for 
purposes of limiting the same, Figure 1 illustrates in 
cross section a semiconductor package 100 constructed in 
accordance with a first embodiment of the present 
invention. The semiconductor package 100 includes a 
semiconductor die 10 which defines a generally planar first 
surface 11 and a generally planar second surface 12 which 
is disposed in opposed relation to the first surface 11. 
Located on the second surface 12 of the semiconductor die 
10 adjacent the peripheral edge thereof are a plurality of 
bond pads 13 which are used for routing electrical signals 
to and from the semiconductor die 10. 

[0016] In addition to the semiconductor die 10, the 

semiconductor package 100 includes a plurality of leads 20 



which are disposed about the periphery of the second 
surface 12 of the semiconductor die 10 in spaced relation 
thereto. Each of the leads 20 defines a generally planar 
first surface 21 and a generally planar second surface 22 
which is disposed in opposed relation to the first surface 

21. The second surface 22 of each ' of the leads 20 is 
longer than the first surface 21 thereof. As such, a 
portion of the second surface 22 of each lead 20 extends 
inwardly relative to the corresponding peripheral edge of 
the second surface 12 of the semiconductor die 10. 

[0017] In addition to the first and second surfaces 21, 

22, each of the leads 20 includes a generally planar third 
surface 23 which is formed between the first and second 
surfaces 21, 22, i.e., is perpendicularly offset relative 
to the first surface 21. In this regard, the thickness of 
each lead 20 between the second and third surfaces 22, 23 
thereof is approximately one-half the thickness between the 
first and second surfaces 21, 22. Each lead 20 is oriented 
relative to the semiconductor die 10 such that the third 
surface 23 overlaps the second surface 12 of the 
semiconductor die 10, i.e., extends inwardly relative to 
the corresponding peripheral edge of the second surface 12. 
As such, that portion of each second surface 22 extending 
inwardly relative to the corresponding peripheral edge of 
the second surface 12 as described above is disposed in 
opposed relation to the third surface 23. Each of the 
leads 20 further includes a side surface 25 which is formed 
and extends between the first and second surfaces 21, 22 
thereof. The leads 20 are each fabricated from a metallic 
material such as copper, aluminum, or titanium. 

[0018] In the semiconductor package 100, the 

semiconductor die 10 and the leads 20 are electrically and 
mechanically connected to each other via conductive bumps 
30. The conductive bumps 30 are formed between the bond 



-6- 

pads 13 of the semiconductor die 10 and the third surfaces 
23 of respective ones of the leads 20. In the event that 
the leads 20 are fabricated from a material such as 
aluminum or titanium, it is contemplated that a conductive 
layer 24 can be pre-formed on the third surface 23 of each 
of the leads 20 in order for the conductive bumps 30 to be 
more easily adhered or connected thereto. The conductive 
layer 24 may be fabricated from a material such as copper. 
During a reflow process used to electrically and 
mechanically connect the semiconductor die 10 to the leads 
20 as is discussed in more detail below, each conductive 
bump 30 is easily adhered to a respective copper conductive 
layer 24, yet is prevented from spreading out or 
excessively overflowing along the third surface of the 
corresponding lead 20 due to the aluminum or titanium 
construction thereof. The conductive layer 24 may be 
formed on the corresponding third surface 23 through the 
use of an electroplating technique or an electroless 
plating technique. The conductive bumps 30 may each be 
fabricated from gold, a conventional solder, or like 
materials. Those of ordinary skill in the art will 
recognize that the present invention is not limited by the 
material of the conductive bumps 30. The electrical 
connection of the semiconductor die to the recessed third 
surfaces 23 of the leads 20 through the use of the 
conductive bumps 30 considerably reduces the entire 
thickness of the semiconductor package 100. 
[0019] Referring now to Figure 4, as an alternative to 
the conductive layer 24, each of the leads 20 may be 
provided with a protective layer 24a on the third surface 
23 thereof. It is contemplated that the protective layer 
24a will be employed when each of the leads 20 is 
fabricated from a copper material, as opposed to an 
aluminum or titanium material. The protective layer 24a is 



formed on the third surface 23 so as to circumvent a 
portion thereof, with such circumvented portion of the 
third surface 23 defining a bump land for a respective one 
of the conductive bumps 30. The protective layer 24a may 
be fabricated from a conductive material or a nonconductive 
material, with suitable materials including aluminum, 
titanium, polyimide, and BCB (Benzo Cyclo Butene) . During 
the reflow process used to electrically and mechanically 
connect the semiconductor die 10 to the leads 20, the 
protective layer 24a serves to prevent the conductive bumps 
30 from excessively overflowing along the third surface 23 
of each lead 20, i.e., the conductive bump 30 is maintained 
within the bump land defined by that portion of the third 
surface 23 circumvented by the protective layer 24a. The 
protective layer 24a may also be formed through the use of 
an electroplating technique or an electroless plating 
technique . 

[0020] As further seen in Figure 1, in the semiconductor 
package 100, the semiconductor die 10, the conductive bumps 
30, and the leads 20 are partially encapsulated by an 
encapsulant such as an epoxy molding compound for purposes 
of protecting the same from the external environment. The 
hardening or curing of the encapsulant forms an 
encapsulating portion 40. In the semiconductor package 
100, the first surface 11 of the semiconductor die 10 is 
exposed to the outside of the encapsulating portion 40 
(i.e., is exposed within the top surface thereof) thus 
improving the heat discharging efficiency of the 
semiconductor package 100. Also exposed to the outside of 
the encapsulating portion 40 are the second surfaces 22 of 
the leads 20. The second surfaces 22 are exposed within 
the bottom surface of the encapsulating portion 40 for 
purposes of allowing the semiconductor package to be easily 
mounted to an external device. Further, the side surface 
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25 of each of the leads 20 is exposed within the side 
surface of the encapsulating portion 40, thus further 
improving the heat discharging efficiency of the 
semiconductor package 100. It is contemplated that in the 
semiconductor package 100, the first surface 11 of the 
semiconductor die 10 will be substantially flush with the 
top surface of the encapsulating portion 40, the second 
surfaces 22 of the leads 20 will be substantially flush 
with the bottom surface of the encapsulating portion 40, 
and the side surfaces 25 of the leads 20 will be 
substantially flush with the side surface of the 
encapsulating portion 40 so as to minimize the thickness 
and width of the semiconductor package 100. 
[0021] Having thus described the structural attributes 
of the semiconductor package 100 of the first embodiment, 
a preferred method of manufacturing the same will now be 
discussed with reference to Figures 1A-1D. As shown in 
Figure 1A, a wafer 10 1 having a plurality of semiconductor 
dies 10 connected to each other with boundaries of scribing 
lines 14 is provided in an initial step of the present 
method. The sawing of the wafer 10* by, for example, a 
diamond blade along the scribing lines 14 thereby separates 
the semiconductor dies .10 from the wafer 10' as individual 
pieces or components. Each semiconductor die 10 produced 
as a result of sawing the wafer 10 1 in the above-described 
manner has the above-described structural attributes. It 
is contemplated that the conductive bumps 30 may be fused 
to the bond pads 13 of each of the semiconductor dies 10 of 
the wafer 10 ' in advance (i.e., prior to cutting the wafer 
10 1 along the scribing lines 14), or may alternatively be 
fused to the bond pads 13 of each of the separated 
semiconductor dies 10 subsequent to the cutting of the 
wafer 10 1 . 

[0022] Referring now to Figure IB, a plurality of leads 
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20 which each have the above-described structural 
attributes are then provided in the next step of the 
present method. The third surface 23 of each of the leads 
20 may be formed by partially etching the first surface 21. 
The third surface 23 of each lead 20 is preferably formed 
by half-etching the first surface 2i thereof to half the 
thickness defined between the remainder of the first 
surface 21 and the second surface 22. Upon the formation 
of the third surface 23 within each lead 20, the above- 
described conductive layer 24 or protective layer 24a may 
be formed on the third surface 23 through the use of the 
electroplating technique or electroless plating technique 
discussed above. 

[0023] Referring now to Figure 1C, in the next step of 
the present method, the bond pads 13 of the semiconductor 
die 10 and the third surfaces 23 of the leads 20 are 
electrically and mechanically connected to each other 
through the use of the conductive bumps 30. More 
particularly, the semiconductor die 10 and the leads 20 are 
electrically and mechanically connected to each other by 
reflowing the conductive bumps 30 subsequent to placing the 
conductive bumps 30 which have been fused to the bond pads 
13 of the semiconductor die 10 into contact with the third 
surfaces 23 of respective ones of the leads 20, or the 
conductive layers 24 formed thereon. The electrical 
connection of the semiconductor die 10 to the recessed 
third surfaces 23 of the leads 20 facilitates the 
minimization of the entire thickness of the semiconductor 
package 100. 

[0024] Referring now to Figure ID, in a final step of 
the present manufacturing method, the semiconductor die 10, 
the conductive bumps 30, and the leads 20 are partially 
encapsulated by an encapsulant such as an epoxy molding 
compound, with the hardening or curing of the encapsulant 
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facilitating the formation of the encapsulating portion 40. 
As indicated above, the encapsulating portion 40 is formed 
such that the first surface 11 of the semiconductor die 10 
is exposed within and substantially flush with the top 
surface of the encapsulating portion 40, with the second 
surfaces 22 of the leads 20 being exposed within and 
substantially flush with the bottom surface of the 
encapsulating portion 40, and the side surfaces 25 of the 
leads 20 being exposed within and substantially flush with 
the side surface of the encapsulating portion 40. The 
exposure of the first surface 11 of the semiconductor die 
10 and side surfaces 25 of the leads 20 within the 
encapsulating portion 40 increases the heat discharging 
efficiency of the semiconductor package 100 as described 
above . 

[0025] Referring now to Figure 2, there is shown in 

cross-section a semiconductor package 200 constructed in 
accordance with a second embodiment of the present 
invention. The semiconductor package 200 shown in Figure 
2 bears substantial structural similarity to the 
semiconductor package 100 of the first embodiment, with 
only the differences therebetween being described below. 
[0026] As shown in Figure 2, the semiconductor package 
200 includes a die paddle 50 which is bonded to a portion 
of the second surface 12 of the semiconductor die 10 by a 
layer of die-attach material 60 therebetween. The die- 
attach material 60 may be any one of an epoxy, a polyimide, 
a double-faced adhesive tape, or its equivalent. Those of 
ordinary skill in the art will recognize that the present 
invention is not limited by any particular material for the 
die-attach material 60. The die paddle 50 includes a 
generally planar first surface 51, and a generally planar 
second surface 52 which is disposed in opposed relation to 
the first surface 51. In the semiconductor package 200, 
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the first surface 51 of the die paddle 50 is bonded to a 
portion of the second surface 12 of the semiconductor die 
10 through the use of the die-attach material 60. As shown 
in Figure 2, the die paddle 52 does not contact any of the 
leads 20 which extend about and in spaced relation to the 
peripheral edge thereof. 

[0027] As further seen in Figure 2, the die paddle 50 is 
oriented within the semiconductor package 200 such that the 
second surface 52 thereof is substantially flush with the 
second surfaces 22 of the leads 20, and is thus exposed 
within the bottom surface of the encapsulating portion 40. 
As a result, the heat of the semiconductor die 10 can 
further be emitted or discharged to the outside of the 
semiconductor package 200 through the die paddle 50 in 
addition to the first surface 11 of the semiconductor die 
10 which is itself exposed within the top surface of the 
encapsulating portion 40. 

[0028] In the semiconductor package 200, the thickness 
of the die paddle 50 between the first and second surfaces 
51, 52 thereof is preferably the same or similar to the 
thickness of each of the leads 20 between the first and 
second surfaces 21, 22 thereof. Such relative sizing of 
the die paddle 50 and leads 20 facilitates a minimization 
in the overall thickness of the entire semiconductor 
package 200. As indicated above, the first surface 11 of 
the semiconductor die 10 is exposed within the top surface 
of the encapsulating portion 40, with the second surface 52 
of the die paddle 50 being exposed within the bottom 
surface thereof. The exposure of the first surface 11 and 
second surface 52 within the encapsulating portion 40 
rapidly emits the heat generated from the semiconductor die 
10 to the outside of the semiconductor package 200. 
[0029] Referring now to Figures 2A-2D regarding a 

preferred manufacturing method for the semiconductor 
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package 200, since such method is similar to that described 
above in relation to the semiconductor package 100 of the 
first embodiment, only the differences between these 
methods will be discussed below. 

[0030] Referring now to Figure 2A, the initial step of 
the manufacturing method for the semiconductor package 200 
of the second embodiment is identical to that as previously 
described in relation to Figure 1A above. In the next step 
of the manufacturing method for the semiconductor package 
of the second embodiment shown in Figure 2B, the die paddle 
50 and leads 20 which have the above-described 
configurations are provided, with the leads 20 being 
positioned about the peripheral edge of the die paddle 50 
in spaced relation thereto. As indicated above, the 
thickness between the first and second surfaces 51, 52 of 
the die paddle 50 is preferably equal to the thickness 
between the first and second surfaces 21, 22 of each of the 
leads 20. 

[0031] Referring now to Figure 2C, the conductive bumps 
30 fused to the bond pads 13 of the semiconductor die 10 
are electrically and mechanically connected to the third 
surfaces 23 of respective ones of the leads 20 or the 
conductive layers 24 formed thereon. Additionally, the 
second surface 12 of the semiconductor die 10 and the first 
surface 51 of the die paddle 50 are bonded to each other 
through the use of the layer of die-attach material 60 
therebetween. As such, the semiconductor die 10 is 
supported by the die paddle 50. Finally, as shown in 
Figure 2D, the semiconductor die 10, the conductive bumps 
30, the leads 20 and the die paddle 50 are partially 
encapsulated by an encapsulant which forms the 
encapsulating portion 40. In the resultant semiconductor 
package 200, the second surface 52 is exposed within the 
bottom surface of the encapsulating portion 40, and is 
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substantially flush with the second surfaces 22 of the 
leads 20 as well as the bottom surface of the encapsulating 
portion 40. 

[0032] Referring now to Figure 3, there is shown in 

cross-section a semiconductor package 300 constructed in 
accordance with a third embodiment of the present 
invention. The semiconductor package 300 of the third 
embodiment bears substantial structural similarity to the 
semiconductor package 200 of the second embodiment shown in 
Figure 2, with only the differences therebetween being 
described below. 

[0033] In the semiconductor package 300 of the third 

embodiment, the first surface 11 of the semiconductor die 

10 is encapsulated by the encapsulant (i.e., covered by the 
encapsulating portion 40) . As a result, the first surface 

11 of the semiconductor die 10 is not exposed within the 
encapsulating portion 40 to the outside of the 
semic3l>4uctor package 300. Since the semiconductor die 10 
is located on the inside of the encapsulating portion 40, 
the bonding force between the encapsulating portion 40 and 
the semiconductor die 10 is increased, with the 
semiconductor die 10 being more positively protected from 
the external environment. Since the second surface 52 of 
the die paddle 50 is exposed within the bottom surface of 
the encapsulating portion 40, the heat generated by the 
semiconductor die 10 is still rapidly emitted to the 
outside of the semiconductor package 300. 

[0034] Referring now to Figures 3A-3D regarding a 

preferred manufacturing method for the semiconductor 
package 300 of the third embodiment, since such method is 
similar to that employed in relation to the semiconductor 
package 200 as described above, only those differences 
between the methods will be described below. 
[0035] The initial steps of the manufacturing method for 
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the semiconductor package 300 of the third embodiment as 
shown in Figures 3A, 3B, and 3C are identical to those 
described above in relation to Figures 2A, 2B, and 2C. As 
shown in Figure 3D, the semiconductor die 10, the 
conductive bumps 30, the leads 20 and the die paddle 50 are 
partially encapsulated by the encapsulant used to form' the 
encapsulating portion 40. More particularly, the first 
surface 11 of the semiconductor die 10 is covered by the 
encapsulating portion 40, and is therefore located inside 
the same. As a result, the semiconductor die 10 is more 
positively protected from the external environment. The 
second surface 52 of the die paddle 50 is exposed within 
the bottom surface of the encapsulating portion 40, and is 
substantially flush with the second surfaces 22 of the 
leads 20 as well as the bottom surface of the encapsulating 
portion 40. The exposure of the second surface 52 within 
of the encapsulating portion 40 allows the heat generated 
by the semiconductor die 10 to be easily emitted to the 
outside of the semiconductor package 300 through the die 
paddle 50. 

[0036] Thus, according to the semiconductor packages 

100, 200, 300 and related manufacturing methods of the 
present invention, the semiconductor die 10 and the leads 
20 are electrically and mechanically connected to each 
other via the conductive bumps 30, with those portions of 
the leads 20 to which the conductive bumps 30 are connected 
being formed by partially etching the leads 20, thus 
considerably reducing the entire thickness of the 
semiconductor package 100, 200, 300 and resulting in a 
light, thin, simple, and miniature structure. 
Additionally, in accordance with the present invention, 
predetermined regions of the semiconductor die 10, leads 
20, and die paddle 50 (if included) are exposed to the 
outside of the encapsulating portion 40, thus maximizing 
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the heat discharging efficiency of the semiconductor 
package 100, 200, 300. 

[0037] This disclosure provides exemplary embodiments of 
the present invention. The scope of the present invention 
is not limited by these exemplary embodiments. Numerous 
variations, whether explicitly provided for by ■ the 
specification or implied by the specification, such as 
variations in structure, dimension, type of material or 
manufacturing process may be implemented by one of skill in 
the art in view of this disclosure. 



